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COMPLETE SPECIFICATION 

Improvements in and relating to Wobbler Type Piston Pump 

I Taduesz Budzich, of 110.7 Franklin as few moving parts as possible and must have 

Street, Watertown, New York, United States substantially perfect rotary balance, 

of America, a citizen of Great Britain, do d. The pump must have a high mechanical 5U 

hereby declare the invention, for which I pray efficiency and therefore must have a minimum 

5 that a patent may be granted to me, and die of moving parts subject to hydraulic -reaction 

method by which it is to be performed, to force, which at the high pressure the pump 

be particularly described in and by the follow- must be capable of operating may be inherently ^ 

m nS^vStim relates to liquid pumps and It is an object of the present invention to 

10 more particularly to an axial type of multiple- providfe an improved pump satisfying the 

piston variable displacement pump. above requirements and having an inherent 

Hydraulic systems are widely used in manu- characteristic of low unit weight in relation 

touring and other industries for the purpose to the output volume and high discharge 60 

of transmitting and controlling power. In many pressure it is capable of generating. It is a 

15 applications, particularly in machine tool and further object of the present invention ,to 
aircraft applications, there is an urgent need provide an improved control system for con- 
fer a pump of compact design and low weight trolling tile performance characteristics of the 
and which is capable of generating pressures pump. By the use of various -combinations of 65 
up to 5000 p.s i. In machine tool, aircraft or the basic components of the improved' pump 

20 the like applications the required pump must controlling system embodied, m the present 

be capable of satisfying the following require- invention, completely different performance or 

ments*l discharge characteristics may be ' obtained. 

a The pump must be basically of the Proper selection and combination of the basic 70 

.variable output-constant pressure type wherein components of the control system would pro- 

25 the pump discharge pressure remains substan- vide at least the Mowing variations in dis- 

tially constant although the discharge volume charge characteristics of the pump : 

£av 4ry from zero to a maximum in response 1. Constant displacement at constant rpm. 

r?bT dinges in demand for liquid in the 2. Manually variable displacement at con- 75 

30 h Tt^\ltl^t be of the "Triable displacement; volume output 

variable output-constant pressure type. It may changing to maintain constant pressure; _ and 

be required to have the characteristic of being the maximum output of the pump remaining 

able to maintain a predetermined substantially constant at constant xpm. 

SoStant maximum output volume once a pre- 4. Variable displacement; volume output 

35 determined pump input speed has been changing to maintain constant pressure; and 

SKTUS though the pump may be the maximum output of the pump being 

operating at a speed in excess of said pre- manual y controlled 

STned speed That is, the pump and its 5. Variable disp acement volume; output 85 

3 system may be required' to be so con- changing to maintain constant pressure; and 

40 strutted and arranged that once a predeter- the maximum output of die pump being con- 

S input "?eed S has been attained, any trolled by a speed sensitive servo-mechanism 

increase k the speed of operation will not coupled into the control system, said maxi- 

5 in an increase in the output volume. mum output being constant over a wide range 90 

c. The internal mechanism of the pump of mput rpm ^ 

45 must be capable of working at high revolution «. Variable displacement; volume output 

£5 Se ujper limit being of the order of changing, to maintain constant pressurerand 

W,000 rpm. Therefore, the pump must have the maximum output being controlled by a 
[Price 3s. 6d.l 
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speed sensitive servo-mechanism adjustable to 
any predetermined output by means of a 
manual control. 
i7. Variable displacement; constant volume 
5 output with varying input r.pm. over wide 
range of speeds and controlled by a speed 
sensitive servo-mechanism. 

Other advantages, features and objects of 
the present invention will be apparent from 
10 the following description and appended claims, 
reference being had to the accompanying 
drawings forming a part of this specification 
wherein like reference numerals' designate 
corresponding parts in the several views. 
15 Fig. 1 is a section taken longitudinally of 
the pump body of the pump mechanism em- 
bodying the present invention, some of the 
parts being shown in fragmentary detail and 
some of the pump control system being shown 
20 diagrammatically for purposes of disclosure. 
Fig. 2 is- an enlarged' view in part frag- 
mentary of the control means' shown ir* Fig. 1 . 

Fig. 3 is a sectional view of a portion of 
•the pump showing a modification of some of 
.25 th e control system components of the pump, 
- said section being taken substantially through 
line 3—3 of Fig. 4 looking in the direction 
of the arrows. 
Fig. 4 is a sectional view taken substan- 
30 tiaHy through line 4—4 of Fig. 3 looking in 
the direction of the arrows. 

Fig. '5 is a sectional view in part similar 
to portions' of Fig. 1 illustrating a. modification 
of the pump drive member. 
35 • Fig. 6 is an end view taken from the right 
side of Fig. 5 with a portion of the pump 
body shown in section. 

Fig. 7 is an enlarged sectional view of a 
portion of the pump drive mechanism shown 
4Q jn Fig. 1. 

Fig. 8 is an end. view taken from the left 
side d: Fig. 7.. ... " ; 

Fig. 9 is a view corresponding in part to 
the right end portion of the pump drive 
45 member shown in- Fig. 5 illustrating a modifi- 
cation thereof. 

Fig. 10 is an end view taken from the right 
sideof Fig. 9. 
Fig. 11 is a sectional view taken substan-_ 
50 tiaHy through line 11—11 of Fig. 2 looking 
m the direction of the arrows. 

In general and with particular reference to 
Fig. 1 of the drawing, the pump', generally 
designated 20, embodying the present inven- 
55 fion, comprises a pump body 21 haying a 
longitudinally extending bore. 22 open at one 
end. -Received within the open end of the 
bore 22 is a cylindrical cylinder block 23 
having a series of axially extending cylinder 
60 bores 24 therein'. In the illustrated embodi- 
ment nine of tiiese cylindrical bores 24 are 
provided 1 although it will- be understood that 
the_ number may vary as desired. An axially 
reciprocable piston 25 is received wilhin each 
65 cylinder bore 24. The pistons 25 are recipro- 



cated by means of a wobbler or rocker . 
generally designated 26. The wobbler 26 is 
generally conical or mushroom shaped in 
appearance having its large or plate end 27 
supported in part on a ball element 28 carried 70 
on the end of a feed plunger or control stem _ 
29 and its smaE end 30 operatively associated 
with a driveshaft 31, as will -be explained in 
greater detail. 

It will be noted that each- piston 25 is 75 
coupled to the wobbler plate end 27. in such - 
a manner that the piston is positively recipro- - 
cated in both directions' of movement, that is, 
on the pumping stroke and on the retraction 
stroke. The connecting means- between each 80 
piston and the wobbler comprises a connecting 
rod 32 having a spherical portion 33 at each 
end thereof. One of the spherical rod ends 33 
is seated and retained in a complementary 
socket 34 in the plate end 27 of the wobbler 85 
26 and the other spherical rod end 33 is seated 
and retained in a complementary socket 35 in 
the end of an adjacent or corresponding piston - 
25. The rods 32 provide an articulated driv- 
ing connection adapted to transmit wobbling 90 
motion of the plate end 27 to the pistons- 25 
whereby the same are reciprocated within; the 
respective cylinders to cause liquid pumping 
action to take place. The foregoing ball and 
socket connection of the rods 32 to the wobbler 95 
26 and pistons 25 permits the necessary 
angular changes to be made in the relationship 
of the wobbler to the pistons whereby the 
pumping stroke may be adjusted, as will be 
more fully explained. . . .100 

The driving connection between the drive- 
shaft 31 and the small end 30 of the wobbler 
26 comprises a drive element 36 in part rotat- 
ably journalied in a pump body end plate 37 
and in part housed within a collector ring 105 
housing 38. The collector ring housing 38 is 
interposed between the end plate 37 and the ; 
cylinder block 23, suitable bolt means (not 
shown) or the like securing the collector ring 
housing 38 and the cylinder block" 23 to the 110 
pump body 21. Similarly, suitable bolt means 
or the like (not shown) secure ithe end plate 
37 on the collector ring 3,8.- The drive element 
36 is connected to the drive shaft 31, as by 
splines 39, to rotate therewith/ The drive ele- 115 
ment 36 is shown in enlarged detail in Figs! 7 
and 8. As shown in Fig. 8 the "drive element 
is provided with- a radially extending slot 40 
which' receives 'the small end or stem- 30 of 
the wobbler 26. As will be more My ex- 120 
Pained, the stem 30 of the wobbler is radially 
positionable within- -the slot 40 to afford a 
driving connection- between the "driving "ele- 
ment 3-6 and the wobbler 26. It will be -noted 
that the stem end 30 of the wobbler 26" is 125 
freely movable in a radial direction relative 
to the side walls "of the slot 40. * " 

The plate "end 27" was described as being 
supported in part by "a ball element 28 "carried 
on one end of a feed plunger" or control stem 130 
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29. The feed plunger or control stem 29 is 
axially movable along a longitudinal axis coin- 
cident with the longitudinal axis of the drive 
shaft 31. The control stem 29 is supported in 

5 a suitable boss 41 formed in the integral pump 
body end plate 42. The ball or semi-spherical 
element 28 on the control stem 29 is seated 
in a concave bearing or socket element 43 
carried in the plate end 27 of the wobbler 26. 

10 This ball and socket arrangement permits 
movement of the wobbler relative to the con- 
trol stem. The relative movement of the 
wobbler 26 about the control stem 29 is a 
rocking movement since means are provided 

15 to ensure that no rotation of the wobbler 26 
about its longitudinal axis will occur. At one 
side thereof the wobbler plate end 27 carries 
a rigidly secured stud 44. The stud 44 is in 
slidable engagement with the side walls of a 

20 longitudinally extending slot 45 in- the pump 

b °When the small or stem end 30 of the 
wobbler 26 is positioned radially of the axis 
of the drive shaft 31, as shown in Fig. 1, for 
25 example, the drive element 3-6 will swing and 
carry the stem end 30 in a circular path about 
the axis of the shaft 31. As has been de- 
scribed, the plate end 27 of the wobbler 26 
is held against displacement radially of the 
30 longitudinal axis of the pump 20 by the ball 
and socket arrangement consisting of the ball 
element 28 carried by the feed' plunger or 
control stem 29 coacting with bearing element 
43 in the plate end 27. Further, the plate end 
35 27 of the wobbler 26 is held against rotation 
by the stud 44 coacting with the side walls 
of the slot 45 in the pump body. Thus, the 
movement of the plate end 27 resulting from 
the stem end 30 being swung in a circular path 
40 i s a wobble movement. It will be noted that 
in the present embodiment the plate end 27 
is provided with a contoured or toroid shaped 
surface 46 thereon, which surface is held in 
contact with the inner surface 47 of the 
45 pump body end plate 42. The contact is a 
point contact and as the wobbler describes a 
wobbling movement the point of contact will 
describe a circumferential path about the axis 
of the feed plunger or control stem 29. 
50 Since the plate end 27 of the wobbler 26 
is connected by the connecting rods 32 to the 
respective pistons 25, the wobbling motion of 
the wobbler 26 will cause a reciprocating 
motion of the pistons 25. It will be under- 
55 stood that some of the pistons will be moving 
on a liquid pumping stroke and the remainder 
of .the pistons will be on a suction stroke. 
Internal liquid flow within the pump is con- 
trolled by internal check valves 48 earned 
60 within valve cages 49 secured to the pistons 
25 and by check valves 50 preferably carried 
in the collector ring housing 38. It will be 
understood that the check valves 48 couki be 
mounted within the cylinder block rather than 
65 carried on the piston ends. It will be noted 
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-that pump body 21 is provided with- a liquid 
inlet 51 which leads into the pump body 
chamber 52 encompassing or housing -the plate 
end 27 of the wobbler 26. Each piston 25 is 
provided with a liquid passageway 53 pro- 
viding a liquid flow pathway from the chamber 
52 into the respective cylinder bores 24. The 
check valve 48 is provided to restrict the flow 
of liquid through the piston passageway 53 to 
the time when the piston 25 is on a suction 
stroke. 

Cylinder rings 142 are provided in -the 
cylinder bores 24. The cylinder rings 142 are 
connected by drilled holes 141 with collector 
ring cavity 54 and are therefore subject to 
discharge pressure. Each piston 25 just before 
the end of its suction stroke, that is, just before 
the reversal of direction of the motion of the 
piston takes place, uncovers a cylinder ring 
142. Due to the sinusoidal form of the piston 
displacement the check valve 48 related to the 
particular piston 25 is partially closed, the 
amount of the hydraulic liquid coming into 
cylinder 24 at .this- moment being very small. 
As soon as a cylinder ring 142 is uncovered 
by a piston 25 and is therefore in direct com- 
munication with liquid in the cylinder space 
24, the check valve 48 shuts and the liquid 
in- the cylinder space 24 becomes subjected 
to high pressure. On the remaining short 
duration part of the suction stroke, liquid is 
supplied from collector ring 54 and the piston 
25 acts as a motor taking some of the load 
from the small end 30 of the wobbler 26. 
When a piston 25 reaches the end of its suction 
stroke and a reversal of direction takes place, 
the corresponding check valve 50 will lift and 
high pressure liquid will start flowing from 
cylinder 24 to collector ring cavity 54. During jg- 
the first small portion of the discharge stroke 
the high pressure liquid will flow both through 
check valve 50 and from cylinder ring 142 
through the drilled passages 141. Once the 
end of the piston 25 cuts off the cylinder ring 
142 from' liquid contained in the cylinder 24, 
all the liquid will pass through the check valve 
50 on the discharge stroke. 

Thus, referring to Fig. 1, the top piston 25 
is shown in a maximum out or retracted posi- 
tion. The cylinder ring 142 is open to liquid 
in cylinder 24. The check valve 48 is shut 
as is the check valve 50. From this- position 
any further rotation of the drive element 36 
will result in the opening of the check valve 
50. " 120 

In Fig. 1, the bottom piston 25 is illustraited 
as having just completed the discharge stroke 
and is in its maximum in position. The check 
valve 48 is closed and due to the zero instan- 
taneous discharge so is the check valve 50. lli 
From this point any further rotation of the 
drive element 36 will result in .the check valve 
48 becoming open as the suction stroke begins, 
the check valve 50 remaining closed. 
It must be noted that although by the use 130 
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of tie 'cylinder ring 142 a slight reduction in 
the effective discharge stroke of .the pump 
occurs, there is- no loss on the overall efficiency 
of the pump. 

The advantages of using the cylinder ring 
142 .may he briefly summarized .as follows: 



body end plate 42 causing the pistons 25 to 
reciprocate, considerable hydraulic reaction 
force is transmitted from the pistons 25 
-through- the connecting rods 32 to .the wobbler 
plate end 27. This force is transmitted from 
wobbler plate jend 27 through semi-spherical 



Ql'^/f™ ° UtpUt ^ Vf^on of bearing element 43 to .the ball dement 28 of 

wobbler 26 lies off the center line .of the feed the .feed plunger or control stem 29 At the 

10 ?? ng ^ ° r '57 ^ t lanent Sa ^ £ ,the com P°^ of the above force 

1U 3i6 Since the wobbler 26 is inclined .at a will tilt the wobbler 26 keeping the wobbler 75 

smdl angle to the axis of rotation this will plate end 27 continuously in contact with the 

facilitate the start of .the pumping action from pump body end rplate 42. The magnitude of 

zero^ow position the component of the hydraulic reaction iorce 

15 J 2 \ hC ^f^V^S" force Iceepmg transmitted to the pump body end plate 42 

15 it he plate end 27 of the wobbler 26 in. .contact at the moving point of contact of the toroid ' €0 

with .the surface 47 is increased .makmg -the surface 46 with end plate .surface 47 depends 

.control system more positive. on the length and position of th^ rJ'^r-r 

It will be understood that although in .the ring 142 position ot trie cylinder 

illustrated embodiment the cylinder rings 142 A s stated, the magnitude of the swaying 

were used, other equivalent means to provide movement of the plate end 27 of the wobble! 85 

an initial anpii ar mrmatinn +r, wrvhHW ,V ^^„„J__^ ... ,1 ... „ . .™ UUBl 



an initial angular inclination to the wobbler 
26 could be used'. For example, a spring 
could be provided to act on the "small end 30 
of rthe wobbler 26, the spring to fie housed 
in drive element -3-6 to revolve "therewith. The 
spring would provide the initial 1 force necessary 
to .maintain' the wobbler 26 slightly inclined 
in the same manner as results from the use of 
the cylinder rings 142. 



is dependent on the angle of inclination of the 
wobbler longitudinal axis relative to the axis 
of rotation of the drive element 30. Adjust- 
ment of the angle of inclination is obtained' 
by movement of the feed plunger or control 
stem 29 inwardly or outwardly, that is, to the 
right or left respectively as "viewed in "Fig- 1, 
as the case may be. To increase pumping 
action the feed plunger 29 T s moved' inwardly 



The amount of liquid moved by each piston causing the plate end 27 to be .tilted about a 95 

25 during its pressure or pumping stroke is fulcrum at the point of contaaofits toroid 
proportional to - .the magnitude of the swaying surface 46 and pump body end plate surface 
movement of the plate end 21 of the wobbler 47. To decrease pumping action the ^feed 

26 as its stem end 30 is swung about m a plunger is withdrawn or moved outwardly 
circular path by the driving element 36. The permitting the hydraulic reaction force to urge 100 
magnitude of swaymg motion is dependent on the wobbler 26 to follow the plunge? thereby 

the angle of inelmattm of the longitudinal decreasing the angular indmatiorTof the latter 

axis of the wobbler 26-relative to the axis of relative to the drive element axis 



_ In ithe illustrated embodiment of the inven- 
tion the control system .goveniing the inward 105 
and outward movement of the plunger" 29 
basically consists of two -servo-systems The 
control circuit of -this embodiment provides a 
pump- having the discharge characteristics 
listed under item 5 of the enumerated varia- 110 



rotation of the driveshaft -31. In Fig. 1, "the 
40 wobbler 26 is shown- at its maximum degree 

of tilt, a position in which the stem end 30 

is disposed at the radial outer end of the 

driving element slot 40. In '"this position the 

degree of wobble or sway is at a maximum 
45 and the stroke of the pistons will "be a maxi- 

mum. Corr^pondi.^, displacement of ,i„i" „j£ SSd^ TStU-Sk?- 

would rotate freely about the stem end 30 and Amit mn A'fl™.:~. wtm. . y . ™ 
would have" no effect on the wobbler 26. Dis- 
placement of the pump would be zero since 
there would be no reciprocation or pumping 
55 action of the pistons. In actual practice the 
wobbler axis would not be permitted ito 
coincide with .the drive element axis of rotation 
but would be inclined at an angle related to 
the position of cylinder ring 142 for zero dis- 
60 placement. Because of the construction and 
arrangement of ithe cylinder rings" 142, no 
pumping action will take place for a small 
portion of the stroke. 



circuit modifications. With regard to the", two 
servo-systems forming the"" control system of 
the present embodiment, one servo-system is 
a pressure responsive control and the other 
is a speed responsive control. The two systems 120 
are best viewed in Figs. 1 and 2. ' ' 

First,_ the servo-system- 'controlling pump 
output m response to pressure demands will 
be described. This system comprises" a" spool 
yalve^p working within- a spool valve -body 125 
t -a " « S ?o 01 ,valve ' 5 ' 6 is provided with three 
lands 58, "59 and '60 respectively. "The spool- 
valve body is provided- with ' 1 ~ - " 



As the toroid surface 46 of the wobbler 26 6V'62, 63 ahd^T A?,hot h - P 
65 rolls around the inner surface 47 of the pump line oi^ce t^^ZSrZ 
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60 and the space below the land 60 are are adapted to receive liquid under pressure 
£bX cLJSS .through ports 62 and 63 through a large IgWJ %^ 
JS* thl suction jide of the_ pump ^through JO. ^"^93 



pump inlet 51. The space between lands 5 8 
5 and 59 is connected through port 61 and 
suitable connecting means as represented by 
liquid circuit line 66 with the pump discharge 
outlet, that is, to the high pressure side of 
the pump. Also connected to the high pressure 
10 side of the pump is port 64, the port at the 
lower end of the spool valve body 57. The 
spool valve 56 at the lower end thereof is in 
contact with a plunger 67 which projects into 
a chamber 68 connected to the port 64. At 
15 its upper end the spool valve 56 is provided 
with a portion 69 projecting beyond the spool 
valve body 57 where it is indirecdy subject 
to the force of a spring 70 through beam 74. 
The spring '70 is illustrated as a com- 
20 pression spring carried in a spring housing 
71 secured in any convenient manner to the 
pump body 21. The spring housing contains 
a plunger 72 and a spring retainer 73 mov- 
able therewith. The plunger 72 is in abutting 
relationship to one end of a beam 74, the 
beam being fulcrummed intermediate its ends 
at 75. The opposite end of the beam 74 is m 
abutting relationship to spool valve portion 69 
It will be noted- that spool valve body 57 
is provided with a space 76 communicating 
with a port 77. The length of the space is 
such that when the spool valve 56 is in the 
position shown in Figs. 1 and 2, the land 59 
thereon isolates space 76 and therefore port 
35 7(7 from both ports 61 and 62. The space 76 
is in direct communication through port 77 
and liquid circuit 78 with port 79 in the boss 
41 housing the feed plunger or control stem 
29. The feed plunger or control stem 29 is 
in the nature of a piston movable within the 
cylindrical space 80 of the boss 41. The 
control stem 29 is secured by a pin 81 to a 
stud 82 which projects through the boss 41 
end wall. The stud 82 carries a clevis por- 
tion adapted to be pivotally connected by a 
pin 83 to a servo-beam 84. Suitable oil seal 
means comprising backing ring 85 and "O 
ring 86 maintained in position by spring 87 
are provided. , 

Before explaining the operation of the 
pressure servo control system, the second 
major component of the control circuit, the 
speed responsive control system, will be de- 
scribed. 

55 The drive element 36 has secured thereto 
a spur gear 88 which is in mesh with a second 
spur gear 89 carried by a hydraulic governor 
body member 90. The governor body member 
90 which is a substantially cylindrical shaft 

60 is jcurnalled at one end 91 thereof in a sleeve 
bearing 92 secured within a boss 93 on the 
pump body end plate 37. The governor body- 
is provided with a series of radially spaced 
cylindrical bores 94. The cylindrical bores 94 

65 house hollow piston type plungers 95 which 



housing the member 90 ^ 
liquid inlet port 97. The plungers 95 _ are 
movable in a direction parallel to the axis of 
rotation of the governor body member and 
their closed ends 98 are in abutting relation 
shell member or cylinder slide 99 encom- 
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provided with a pointed protuberance 
thereon, the point lying on the axis of rotation 
of the governor body member. The pointed 
end 100 is in abutting relation to a spring 
retainer 101 carried in a longitudinally extend- 
ing bore 102 in the pump body 21. The 
spring retainer 101 is a portion of a spool 
valve 104 housed within the bore '102 and is 
acted upon by a spring 103. The spool valve 
104 is longitudinally movable within a slave 
cylinder 105 which in turn is longitudinally 
movable in a stepped cylindrical bore 106 in' 
the main pump body 21. The space sur- 
rounding the reduced portion 107 of the spool 
valve communicates through port 108 with 90 
space 109 in the pump body 21. Space 109 
is connected through port 110 ; through an 
appropriate passageway directly to high 
pressure liquid from the collector ring housing 
38. The space 111 in the slave cylinder 105 95 
communicates directly through ports 112 with 
cylinder space 113, which depending oh the 
position of spool valve land 114, may be open 
either to high pressure liquid or exhaust. As 
illustrated in Fig. 2, land 114 is in position to 100 
isolate space 113, both from exhaust and high 
pressure liquid— in other words, it is in a 
neutral position. The end 115 of slave cylinder 
105 is slotted at 116 and engages a cam 
element 117 which is free to swing around 103 
fulcrum pin 118. The cam "element 117 is 
-provided with a slot 119 in which a pin 120 
suitably fixed in the slotted end 115 is engaged. 
The cam element 117 bears against the flat 
surface of servo-beam 84 and is adapted to HO 
swing the servo-beam about the pin 83 as a 
fulcrum. It will be noted that the servo-beam 
is provided at the end thereof adjacent the 
beam 74 with a pin 121 engageable in the 
slot 122 of a slotted lever 123 and thus is 
adapted to swing the slotted lever about pivot 
pin 75. The slotted lever 123 is provided 
with a dog 124 in abutting relation to the 
beam 74. When the lever 123 is pivoted in 
a counterclockwise direction as viewed in. Vigs. 
1 and 2, the dog 124 will engage the beam 
74 causing the same to swing in a counter- 
clockwise direction influencing the position of 
the spool valve 56 which, as will be explained, 
affects the control stem 29 and ultimately a?*~ 
the servo-beam 84. 

The manner in which the control system 
affects the pump output will now be described. 
As illustrated in Figs. 1 and 2, 'the ports 63 
and 62 are connected to the exhaust or low 130 
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pressure side of the system. The ports 61 
and 64 are connected to the high pressure side 
of the system. Therefore, the space between 
■ the lands 59 and 60 on the spool 56 is filled 
5 with' low pressure liquid and the space be- 
tween lands 59 and 58 is filled with high 
pressure- liquid. The port 77 connects the 
space 76 Through liquid line 78 and port 79 
with the cylinder 80 in which the control stem 

10 29 acts as a piston. Therefore, any move- 
ment of the spool 56 downwardly as viewed' 
in Figs. 1 and 2 will" direct high pressure 
bS m 1/° ^ space 76 and thus *» cylinder 
80. Movement of the spool 56 in .the oppo- 

■IJ site direction will connect space 76 and 
cylinder 80 to exhaust. The high pressure 
liquid entering through port 64 acts on plunger 
end 67 tending to push the spool 56 upwardly. 
Ihe end 69 of the spool 56 is in abutting 

-° relation to the beam 74, the other end of 
which is subjected to the force of spring 70. 

- . . = The beam^ 74 being free to swing about the 

fulcrum- pin, 75; the hydraulic pressure acting 
« ?5 P^? 089 " section area of plunger end 
25 67 is balanced only by the resisting force of 
the spring 70. The preload on the spring 70 
. b. so selected that it balances the hydraulic 
force acting against the plunger end 67 at the 
maximum discharge pressure. When the oppos- 
™ mg hydraulic and spring forces- are so balanced, 
the land 59 on the spool 56 prevents flow of 
liquid through spool valve body space 76 to 
• either port 61 or 62. 

Should- the discharge pressure of the pump 
increase for any reason, the increased pressure 
acting on plunger end. 67 will- cause -the spool 
56 to move upwardly as viewed in Fig 2 
causing the beam 74 to pivot about its ful- 
c rum and thereby compress the spring 70. A 
■ Jl <l ui <i exhaust circuit will .then be set up 
leading from the cylindrical space SO in- which 
the control stem 29 moves, through liquid 
flpw line 78 to port 77 leading into space 76 

- of the spool valve body and then into the 
V>- exhaust side of the system through port 62. 

i>ince the control stem or feed 1 plunger 29 is 
subject to hydraulic reaction force, the open- 
ing of the cylindrical space SO to exhaust will 
<-n rC i- ^ m dle control stem moving into the 
3U cylmder or to the left as viewed in Fig 2. 
As the plunger or stem 29 moves to the left 
the: angle of inclination of the roelcer or 
wobbler 26 will decrease thereby reducing the 
effective stroke of the pistons 25. The resuit- 
" ing decreased output of the pump will cause 
the discharge pressure to fall and the spring 
70 will overbalance the hydraulic force acting 
on plunger end 67. The spool 56 will then 
_ be moved- downwardly, as- viewed' in Fie 2 
t>U causing the land 59 thereon to cut off flow of 
liquid from cylindrical space 80 to the exhaust 
ade of the system thereby preventing any 
further retrogression of the control stem or 

- plunger 29 into the cylindrical space «0. The 
M angle of inclination of the wobbler or rocker 



26 will thus become stabilized. - 

Should the discharge pressure of the pump 
decrease for any reason; such as upon increased 
demand for liquid in the hydraulic circuit 
being serviced by the pump, the reaction of 71 
the pressure control circuit will be as* follows: 
The spring 70 acting through beam 74 will 1 
overbalance the liquid pressure acting on 
plunger end 67 forcing the latter downwardly 
as viewed in Fig. 2. A liquid flow circuit 7. 
from the high pressure outlet 55 of the pump 
will be opened to the control stem cylinder 
80, the circuit comprising hquid circuit line 
66, port 61, spool valve body space 76, port 
77, hquid circuit line 78 and port 79 "into 8C 
cylinder space SO. The high pressure" liquid 
entering cylinder space 80 will force die con- 
trol stem or feed plunger 29 outwardly or to 
ithe right as viewed in Fig. 2 causing the 
wobbler or rocker 26 to be tilted to a greater 85 
angle. The increased angular relationship of 
the wobbler or rocker" 26 will be reflected in 
a longer piston 25 stroke causing an increase 
m the output of .the pump. As- the pump 
pressure rises the spool 56 will move upwardly 90 
as_ viewed in Fig. 2 until the land 59 closes 



~h X , B ' , ^ J? closes 

on: the valve spool body space 76 preventing 
any further high pressure liquid from" being 
supphed to the cylinder space 80. 

'Brief mention was made earlier " that in 
actual practice the wobbler axis would not be 
permitted to coincide with the drive element 
36 axis of rotation or in other words, that the 
angle of inclination of the wobbler or rocker 

ls 1 n °t Pfnuitted to attain a zero angle 100 
ine slot 40 in th e driving element 36 is short 
enough at. the inner end thereof to maintain 
contact with the peripheral surface of the 
driven end 30 at its angularly displaced posi- 
tion so that 'there will-be no play between .the 
dot surface and driven end peripheral surface 
lite spring '87, although primarily retaining 
the backing ring -85 and seal 86 hi position* 
also reacts against the control stem of feed 
plunger 29 so as to keep it continuously in 110 
contact with socket element 43 and wobbler 
26 With the wobbler or rocker 26 out of a 
neutral position centrifugal force assists in 
tilting the roelcer further . until the pressure 
control system is effective to stabilize the dis- 
charge of the pump. Preferably, .the length 

Iflv 11 ^ 1 ' feed P 1 ™** 2 § is suet 

that _ when m its innermost . position relative 
to the cyhndricaljpaceSO it too will maintain 

r?quiS b ;tle W ^ ? « " * ™" U ° 
- 2Je operation of the speed responsive 
control system hereinabove described wfll now 
be explaind As described the speed respon- 
ZLT UOi SyStem basicaI1 y consists of a 125 
hydrauhc governor arrangement driven" at a 
speed' proportional to the input speed; a 
hydraulic slave servo-mechanism of a force 

S?™ g t5 ?S.- a re , Ctifyinsmeans ' pris- 
ing a cam rectifying die governor speed -input, 130 



95 



105 



115 
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the speed input being proportional _ to the 
square of the rpm, to a linear quantity; and 
a servo-beam relating the speed responsive 
control system to the pressure servo-control 
5 system. „ , 

As has been described the hydraulic governor 
is driven by gear 8 8 related to driving element 
36, the gear 88 being in engagement with gear 
89 secured to hydraulic governor body member 
10 90 The hydraulic governor body member 
cylinders or bores 94 contain the axially mov- 
able piston plungers 95 which bear against 
the end wall of shell member 99, the latter 
being carried by the governor body member 
15 90 for axial movement relative thereto. The 
governor body member 90 as well as the 
hollow plungers 95 are filled' with liquid. As 
the governor body member revolves, the liquid 
is subjected to centrifugal force. Since the 
20 centrifugal force on a liquid acts not only 
radially but also axially, the plungers 95 will 
be urged axially transmitting force to the shell 
member 99. The latter in turn through its 
conical tip 100 exerts- force on the spring 
25 retainer 101, this force being resisted by the 
spring 103. Although under the action of the 
centrifugal force and pressure so generated 
some of the liquid leaks past clearances be- 
tween the plungers 95 and their containing 
30 bores or cylinders 94, this liquid is replenished 
through port 97 connected to the low pressure 
side of the pump. 

The spring 103 is a calibrated spring and 
resists movement of the shell member 99 
35 axially to the left, as viewed in Fig. 2, until 
a predetermined governor speed is reached. 
This pre-determined speed is the speed which 
will give the maximum or rated discharge of 
the pump. Should the speed be increased 
40 above the predetermined speed which would 
give normal maximum output, the stroke of 
the pistons 25 must be adjusted to compensate 
for the increased reciprocal rate at which the 
pistons are operating. 
45 Thus, as the speed of the pump increases 
a point is reached when the centrifugal force 
tending to push the plungers 95 to the left as 
viewed in Fig. 2 will overcome the spring 103 
resistance. This results in a high pressure 
50 circuit becoming effective to change the posi- 
tion of the control stem or plunger 29 thereby 
to adjust the piston 25 stroke. The high 
pressure circuit comprises passageway 110, 
space 109, port 108, the space around the 
55 reduced portion 107 of the spool valve 104, 
space HI normally blocked off by land 114, 
port 112 and slave cylinder space 113. The 
slave cylinder 105 under influence of the in- 
creased liquid pressure in the cylinder space 
60 113 is moved to the left, as viewed in Fig. 2, 
thereby positioning the space 111 therein- over 
the land 114 and cutting off the high pressure 
liquid from the cylinder space 113. The 
movement of the slave cylinder 105 to the left 
<55 is transmitted through the slotted 1 end 115 of 



.the slave cylinder to the cam 117 by the pin 
120 working in the cam slot 119. The action 
of the cam 117 affects the servo-beam 84. As 
the lower end of the beam <84 is swung to the 
left, as viewed in Fig. 2, under the influence 70 
of the cam 117, the beam will pivot around 
the pivot stud 83 in a clockwise direction. 
The pin 121 on the upper end of the beam 
84 will through its engagement with the slotted 
lever 123 cause the latter to pivot around the /3 
fulcrum pin 75 in a counter-clockwise direc- 
tion. The dog 124 on the lever 123 will abut 
the beam 74 and cause the latter to be swung 
in a counter-clockwise direction against the 
force of the spring 70. Thus^ the spring 70 *v 
will resist movement of the slave cylinder 105 
to the left. As the beam 74 swings in a 
counter-clockwise directioni and is thus lifted 
out of engagement with the upper end of 
plunger 69, the liquid' pressure under the spool 
valve will cause the same to raise connecting 
the port 77 to the exhaust side of the system. 
Under the influence of the hydraulic reaction 
forces present in the pump, the control stem 
or feed plunger 29 will be forced to the left ^ 
as viewed in Fig. 2 thereby permitting the 
wobbler or rocker 26 to decrease its angle of 
inclination and shorten die operative " strokes 
of the pistons 25. As the wobbler 26 assumes 
its new position, the movement of the control 95 
stem 29 to the left results in the servo-beam 
84 being bodily carried to the left so that it 
rotates in a counterclockwise direction about 
its point of contact with the cam 117. The 
slotted lever 123 is relieved of its load per- 100 
mitring the beam 74 to rotate in a clockwise 
direction under the influence of spring 70. 
The spool valve 56 is restored to its original 
or neutral position and the port 77 is closed 
off from the exhaust side of the system. The 105 
new position and the total movement of the 
control stem 29 is thus direcdy proportional 
to the movement of spool valve 104. 

Thus, as the rpm of the pump is increased 
above a certain specified value, the volume 110 
output per revolution is proportionately re- 
duced. However, since the number of revolu- 
tions per unit of time has proportionately 
increased, the volume output of the pump 
remains constant. From the foregoing de- 115 
scribed new position of the control stem 29, 
which position is equivalent to the increase in 
speed of the pump drive shaft 31, the pressure 
responsive control system operates as follows : 
If the pressure in die system would suddenly 120 
increase the spool valve 56 under action" of 
plunger 67 would open cylinder 80 to exhaust. 
The feed plunger or control stem 29 Would 
move inwardly thus decreasing the output of 
the pump. The servo^beam 84 would turn in 125 
a clockwise direction revolving around pin' 
121 and losing contact with earn 117. 

For a sudden decrease in pressure the beam 
74 would have to turn clockwise from the 
equilibrium position to connect" cylinder 80 130 



™ti It P f< SU ? ^ Uld ^ toM&ite Pump per unit of time, .the fetter being pro- 

P in 7i' 55 ' >?l SmCe ^ f ^ bam 84 Po*^ 1 to input rpm As Vrp m 

r ^ ^ Cam \¥? ^ Pk 121 crcases * bove ^ pre-determined vatae/the 
5 S rtSwf ^3„Pf vent ^^^t rotat j° n of the pump per revolution must he 

70 Thu^rhf ^^^^l to keep the total output constant. In 70 

uicreiS^™ o^l ™ ^ ^ ireCtI ? f Ae 'P resent embodiment this means .that as the 

increasing pump output is inactive and the rpm increases the relative fiosition df- the- 

10 itt^ t ££d seIlslt fe servo-mechanism. by the hydraulic governor and slave servo- 

^^.^ta.^^ttheipaafthe mechanism Below the predeterSd mm 75 

IT P ^'i nly 18 d , ecreased k .^spring 103 point at which the pump is producing mS 

t V^S^q^ CCn . tnfu f : force act f& ™ output at fuU pisL sttoke, tbj Seed 
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15 ^rt lZ 7,?,,^ Viewed in Fig. 2. the predetermined rpm the speed responsive 

rrr^f 1 ^? 0 ^ mechanism Active or effective to reduce &e SO 

E-^n^n ^ iili^:^ ^ P-P Piston stroke to maintain then 
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piston 85 



■valve 55 causing the latter to move down- 
wardly. High pressure liquid will be con- 
nected to cylindrical space >80 causing the 
control stem 29 ro be moved outwardly, or 
to the right. The angle of inclination of the 
wobbler 26 will be increased thereby increas- 
ing the stroke of the pistons 25. The pump 
output will rise -and' - the pressure will be 



90 



30 restored. 



responsive control system continues: to regulate 
the volume output of the pump to maintain 
the pressure constant. In any situation" the 
in-position of the control stem 29, equivalent 
to zero output, is unaffected but some of -the 
outward limits of the control stem are cut 
short by the speed responsive control system. 

An important feature of construction of the 
pump mechanism embodying ' the present 95 
invention is the provision of a means for 
r^ 3 ™^ 3 ! 7 . glancing the wobbler 26 a s the 
" circular 



'As the control stem 29 moves to the right 
it will carry with it [the' servo-beam 84. The 

lower end of the servo-beam will push on the end 30 thereof i* ™™™ ' a w,T-~" " a t 

to close^the space 111 vto me exhaust side of of the wobbler 26 describe? a cSar ™ th 100 

^ C TSXZ™ nt ° £ C ° ntr01 WMCH f proportional to T.^LltS .... 
pressure responsive contro ^ ^ntmt . - r P an ? n - I0 tne 



part of .the wobbler 
circular path the radius of 110 



pressure responsive control system by control- 
ling the position of the control stem or feed 
plunger 29 is able to adjust the volume output 
of the pump from maximum to zero to keep 
■the pressure constant. But, as the rpm of "the 
pump increases above a predetermined value, 
the maximum output "of .the pump would in- 



center line of the mechanism, .that is, the axis 
of rotation of the drive element 36. The un- 
balanced force is of course zero whehtbe 
wobbler 26 is centrally located. At maximum 120 
discharge of the pump the unbalanced force 
is a maximum. . At high rpm this rotary un- 
balanced force is not only objectionable "from 



be understood that the relative position of the tions. ' - arrcrart appiica- 125 
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of weights 125, preferably of heavy meg 
rigidly secured to a frame member 126. The 
Slme member 126 is pivotally earned by 
Xs 127 on the driving element 36, the axis 
5 of pivotal movement being at right angles to 
and intersecting the axis of rotation of the 
element 36. The frame member 126 is pro- 
ved with a tongue portion 128, the tongue 
being located on the side of the V^f* 
10 opposite that on which the wights are toted 
tongue end lying in contact with the end 
30 of die wobbler 26. The tongue portion 
128 is maintained in contact with the end 
portion 30 by the action of centrifugal force 

of rotation of the drive element but m a 
direction opposite to that in which the wobbler 

^ThSTthe wobbler 26 is at a zero dfc- 
20 charge position its center of gravity and the 
cenJr of gravity of the weights 125 both would 
teat the center of rotation of the drive ele- 
ment 36, the mechanism being in balance. As 
Se center of gravity of the wobbler ■ moves 
25 away from the center of rotation of the drive 
elment the center of gravity of the balanang 
mechanism also so moves, but in an opposite 
direction. Thus, the rotary balance is main- 
tained, rotary moments being equal 
30 Brief mention was made of the stud _44 
carried by the wobbler plate end 27, the stud 
being in slidable engagement with the side 
wall* of the longitudinally extending slot 45 
in the pump body 21. The stud 44 acts as a 
35 positive ? means to prevent any tendency^ 
wobbler 26 to rotate as the free end 30 thereol 
I swung around. The longitudinal axis of the 
stud or pin 44 is perpendicular to ^ inter 
sects the longitudinal axis of the wobbler or 
40 rocker 26. The point of intersection is exactly 
atlhe center of the hemi-spherical surface of 
Se bearing element 43. The motion of the 
wobbler 26 in relation to the pm or stud 44 
may be analyzed as follows: The rocker or 

to that shown in Fig. 1, the wobb ler 26 revolv 
ing around the center line of the stud 44 I he 
wfbbler is also free to move in a ^P^e pmlld 
the- nlane of Fie. 1, the stud 44 then travel- 
50 CStte Pali of the slot 45^ which or 
Je of machining is shown carried in a plug 
.129 As the end 30 of the wobbler 26 de- 
scribes a circular path in travelling with the 
Svfng element 36, a combination of rdauve 

the pin or stud 44 and the side walls of the 
£ 45. It must be noted that pin 44 acts 
as a positive stop in so far as Preventing tie 
rotation of the wobbler 26 in re ation to the 

Hbrium of forces within the mechanism it is 
believed apparent that the surface loads be- 
tween the stud 44 and the slot 45 walls are 
very small and that the arrangement is mech- 
65 a^dcally sound. 



In the opening statements concerning the 
present invention there were enumerated seven 
variations of discharge characteristics . <rf wh ch 
the basic pump mechanism was capable, which 
characteristics were dependent on die basic 70 
components of the control system used In 
Fk 3 and 4 there is illustrated an embodi- 
ment having a modified control system pro- 
viding the characteristics enumerated under 
item 4 that is, variable displacement; volume 75 
outout changing to maintain constant pressure, 1 
and tne malinfum output of the pump^emg 
manually adjustable. It will be noted that 
this embodiment does not include a speed 
servo-control system. In this embodiment the 
Sol stem or feed plunger 29 is provided 
with a stud 130 somewhat longer than the stud 
82 of the previously described embodiment. 
The stud 130 protrudes through the end wah 
of the boss 41, the protruding end being 85 
threaded to receive an adjusting nut 131 and 
a lock nut 132. Thus, positioning of the nuts 
131 and 132 permits the maximum discharge 
of the pump to be limited and manually 
adjusted The nuts 131 and 132 limit the 90 
movement of the control stem or plunge i - 29 
to the right as viewed in Fig. 3 and thereby 
-limit the maximum tilting of the rocker or 

ment the controls are housed in a sealed dome 
133 adapted to be filled with low pressure oil. 
The sealed dome 133 housing the conttol de- 
ments is connected to the liquid inlet 51, : Mg- 
1, through a passageway in the pump body 1W 

£n A P further illustration of the manner in 
which the control system may be varied to 
give a different discharge characteristic to the 
pump may be given. For example, item ,7 
Enumerates a variable displacement pump, 
constant volume output with varying mput 
ipm over wide range of speeds and controlled 
by a speed sensitive servo-mechanism, ifie 
actual arrangement of the controls, to give the 
discharge characteristic of item 7 is the same 
as illustrated in Fig. 2. However, the spring 
70 must be stiff enough to give an operating 
pressure higher than the unloading pressure : of 
any safety valve in the hydraulic circuit. Then- 
no matter what the pressure in the system 
the spool 5 6 is always in a position to connect 
the high pressure port 61 with; space 76 and 
cylinder space 80. The adpstmg plunger or 
control stem 29 will be maintained at the 
limit of its movement to the right as viewed 
in Fig. 2. When the rpm of the pump- reaches 
the predetermined' rpm corresponding to ite 
rated maximum volume output of the pump* 
the speed responsive control will swing- 1» 
ing the servo-beam «4 in a clockwise d^on 
around pivot pin 83 swinging the slotted lever 
123 in a counterclockwise direction, ine 
beam 74 will also be swung in a counterclqck- 
wise direction opposing the action of the stiff 130 



spring 7q7I7 — ____ 

^ Ol JO a twm: ? ^ n< ^S^TS" 

tk ip Qf tte pttlnp ffiC^s mat at winch 

maxmum^rated output of the pump 
rnS? 5 h C voIume <> u <P u t P» rpm i s auto- 
matohy decreased, keeping the total output 
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rt, S™ ,m ^/P™ suddenly decrease, 
the cam '117 would not exert any force on 

20 « 9 w gh ^J 36 ^ ' 74 would P^h the spool 
i¥ downward & the spool valve body 57 
High pressure hquid would flow to cylinder 
space .«0 nrging the control 29 outwardly or 
to the- right as viewed in Fig. 2. The servo- 

25 ^ • 84 T U ' d also be ca * ied to £ e Sht 
25 causmg its lower .end to push the slave cylSder 

™JT " S < 3f mb ? m - Tiis *** blinder 
movement will continue until' die iuL 111 
Aerem overrides die land 114 on gool 104: 
30 ^ g f- SpaCe 113 from th e low pressure 
w/? d PJ^fag the further exhaust of 
liquid therefrom.. The cam 117 would not be 
. fie to move any further to the right. Any 
tether movement of the control stem 29 to 
the right would cause the servo-beam' «4 to 

^llTT^ P u°™ ° f ^tact with the 
cam 117 affecting the slotted lever 123 at die 
other end. The action of the stiff spring 70 
would be counterbalanced and the spoof 56 
would return to its. neutral position and the 
system would be stabilized until a changed 
ipm occurs- again. By making the stud 82 
witn means for varying the effective length 
thereof, such as by providing means for moV 
45 £L? C C } evi l po "? on 134 « the stud end in 
« relation to .the adjacent end of the boss 41 

m a e f 1 unn XUnUI ? J 0Ut ? Ut cf P^P could be 
manually yaned, since the further to the right 
die control stem' 29 is permitted to move die 
greater the piston stroke achieved " 

i n %S 5 ', 9 t- d 10 - havt mt «een discussed 
m detail to this point but 'they merely illus- 
trate structural modifications Fie 5 for 
example- illustrates how hard steel ' shoe 135 
could be provided' and secured to th^ nJaw 
end oftfewobble, The shoe S/wSldSe 

rt e m n Mld '^i^P^ t0 ar « the 
pump end-plate surface 47 ' - - — 

£ #, ^K tn S^ the walls of the slot 40 
T a !-^ V f s d ? uan 35: As-shown in Figs.' 
9 -and 10 -the end 30 of the wobbler 26' could 
be provided with specially shaped block 137 
shdable in the slot 40. -■ • ---- - • 
"To lighten the- wobbler 26 it may be hol- 



lowed ouf " — ' — 

high speeds it must operate' Further, it must 

™ t£ pump requires no ^ ton 

or the like hearing units. And to repeat, 
snnple variations in the controls embodied hi 
the present mvention provide a high pressure, 8 
welf ^,T/ ^ efficient P^P P^ieulariy 
well smted to meet any demands of g 

to^mS C T ^ U " 3 - a | Un i P P articuIari y ^ap'ted 
to meet the demands of an aircraft hydraulic 
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While in the foregoing there has been shown 
foS"*'- ^odiments of 
th ls mvention lt i s to be understood that minor 
changes in the details of construction! cbm- 
™ ^ and arrangement of parts may be 90 
resorted to without departing from the Lpe 
ofdiemvention as claimed. ™ 
• WHAT I CLAIM IS:- 

1 A multiple piston pump comprising a 
housing means having an end plate, said hous os 

having T Iuding »S «£. 

having a plurality of axially disposed cylinders 

SS. P1S T ^ciprocable within eaS 

*£' and \*"*t means in the form of 
a wobbler member effective to reciprocate saM 100 
P ston means, said wobbler member hIS a 
pkfe portion and a- longitudinally cxtcndLr 
stem portion, said plate portion It one s df 

^ Said end P Jate a " d at £ 
oAer sKle havmg operative connection with 105 
each piston means, rotatable drive means 
"W? with said stem portion 
and effective to swing the same so that K£ 
on longitudinal axis, of said stem %Zim 
■move in a circular path about the axis of 110 

S? 1 i 0n S? dinaI . traces- out a SS 
saM * T Para a wobWe action to 

said plate portion, the latter maintaining roll- 
ing contact with said end plate at" ail times, US 
and control means, effective to selectively va5 
£k of g tf r reI ^ onshi P of the longitodlS 
axis of , the wobbler member to the axi<: of 
ration of the drive means to hereby var^ 
the piston means pumping stroke. ' 7 ^ m 

i multlple P iston P™^ according to 
claim^l wherein, the stem portion is 'foeelv 
mo^radially relative to S^X^SS 
tion of the drive means. ----- ■ 
ct«L •f . m 9 Itip u e p . iston P^P according to 125 
end of ^ v ^ m said «d plate is at brie - 
d«wL ad h - Usmg meani a ° d said rbtatable' 
to means , s journalled at the other end 

4. A multiple piston pump 'according- 'to 130 
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claims 1, 2, or 3 wherein said control means 
include a feed plunger having bearing engage- 
ment with said plate portion at the end plate 
engaging side thereof, the feed plunger longi- 
5 tudinal axis coinciding with the axis of rotation 
of the drive means. 

5. A multiple piston pump according to 
claim 4 in which said housing means is pro- 
vided with a chamber, the feed plunger being 

10 disposed' for movement within said chamber 
and being provided with a spherical end por- 
tion, said plate portion being provided with 
a complementary bearing surface whereby- 
said thrust means is free to rock on said 

15 spherical end portion while maintaining roll- 
ing contact with the end plate. 

6. A multiple piston pump according to 
any one of the preceding claims wherein the 
housing means is provided with inlet and 

20 outlet ports, the cylinders communicating 
alternately with said inlet ports through inlet 
and outlet valves. 

7. A multiple piston pump according to 
claim 6 wherein a liquid conducting means 

25 provides communication between the inlet and 
oudet ports and one end of said chamber, said 
liquid conducting means including a pressure 
operated valve located between said ports and 
chamber, said valve normally connecting said 

30 chamber with said inlet port and being opera- 
tive under pre-determined liquid pressure to 
establish liquid flow from said outlet port to 
said chamber, the variations in pressure in 
said chamber being effective to vary the effec- 

35 tive piston means pumping stroke. 

8. A multiple piston pump according to 
any of the preceding claims wherein a position- 
ing means is provided effective to prevent 
any rotative movement of the plate portion 

40 relative to said housing means. 

9. A multiple piston pump according to 
any one of the preceding claims wherein there 
is provided a counterbalance means effective 
to maintain the dynamic balance of the system 

45 as the stem portion is swung about its axis of 
rotation. 

10. A multiple piston pump according to 
claim 9 in which the counterbalance means 
comprises weight means pivotally mounted on 

50 the drive means, said weight means being 
responsive to movement of said stem portion 
with the dynamic center of gravity of the 
weight means being diametrically opposed to 
the dynamic center of gravity of the wobbler as 

55 the stem portion and weight means swing 
about the axis of rotation of the drive means. 

11. A multiple piston pump according to 



any one of the preceding claims wherein the 
control means is part of a control system 
comprising a pressure responsive servo- 60 
mechanism and a speed responsive servo- 
mechanism, each mechanism being effective to 
actuate the common control means. 

12. A multiple piston pump according to 
claim 11 wherein' the speed responsive servo- 65 
mechanism includes hydraulic governor means 
coupled to the drive means, and in which a 
icetifying means is provided which is effective 

.to transmit movement of said hydraulic 
governor means to the control means. 70 

13. A multiple piston pump according to 
claim 11 wherein' the hydraulic governor is 
coupled to the drive means by a gear set, and 
in which the hydraulic governor means in- 
cludes a rotor having a plurality of cylinders 75 
therein, hollow piston means disposed^ for 
movement in said cylinders, said hollow piston 
means being movable within said rotor 
cylinders by centrifugal force exerted on liquid 
contained within said rotor cylinders', said 80 
hollow piston means movement being trans- 
mitted to a cylindrical slide on said rotor, said 
slide being movable axially of said governor, 
calibrated spring means resisting movement of 
said slide, and a force multiplying mechanism 85 
comprising a spool valve and a slave cylinder, 
said spool valve being responsive to move- 
ment of said governor slide against the force 

of said spring, said slave cylinder being 
responsive to movement of said spool valve, "0 
and a rectifying means comprising a cam and 
slot means operative by said slave cylinder, a 
servo-beam engaged at one end by said cam, 
said servo-beam being centrally pivoted on 
said control means, said servo-beam at its 95 
other end being operatively associated with 
the pressure operated valve, said governor 
means thereby being effective to reduce the 
angularity of said thrust means in proportion 
to increase in speed of the drive means above 100 
a predetermined input speed. 

14. A multiple piston pump according to 
any one of the preceding claims in which an 
adjustable means is provided to limit the 
maximum thrust means angle obtainable, said 105 
adjustable means' comprising an extension on 
said control means extending exteriorly of said 
housing means, and adjustable stop means 
carried on said extension. 

15. A multiple piston pump comprising the 110 
combination and arrangement of parts sub- 
stantially as described with reference to Figs. 

■1. 2, 7 and 8 or Figs. 3 and 4. 

MARKS & CLERK. 
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